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1. Authors include Richard Peralta and Shengjun Wu from Utah State 
University (USU); Fernando Chanduvi from FAO, Rome, and myself. Dr. Peralta 
sends his regrets for not attending, but important family events were scheduled 
or became known after he proposed to present at the conference (two college 
graduations and a wedding between May 30 and June 6). Our topic concerns 
two simulation/optimization (S/0) models developed at Utah State University to 
aid managing aquifer and stream-aquifer systems. 
2. An S/0 model contains both simulation abilities and mathematical 
optimization algorithm(s). The S/0 models discussed here are designed to 
· compute mathematically optimal water management strategies for posed water 
management problems. The S/0 model includes decision and state variables. 
In common parlance, decision .variables are those which managers can control 
directly (such as groundwater extraction pumping). State variables are those 
which describe the physical systems response to the management decisions. 
The objective function is an equation that the S/0 model will seek to 
. minimize or maximize the value of (per user request). An example objective 
function is the sum of steady groundwater pumping rates from an area.· Such an 
objective function is commonly used in S/0 models seeking to maximize 
sustainable groundwater pumping. 
Bounds include upper and lower limits on decision or state variables, or 
even on the objective function value. One might place a lower bound on aquifer 
head to prevent a pumping strategy from causing unacceptably small saturated 
thickness near pumping wells. 
Constraints include equations that link decision and state variables, and other 
conditions that must be satisfied for a computed water management strategy to 
be acceptable. For example, constraint equations defining aquifer head or flow 
response to pumping are used in S/0 models for computing optimal groundwater 
management strategies. 
3. Here we primarily discuss CONJUS, a new S/0 model designed primarily 
for use at the field level. It requires relatively little data input and so is suitable 
for relatively homogeneous and simple physical systems. We also mention 
REMAX, designed to address any aquifer system modelable by MODFLOW (the 
most commonly used USGS groundwater flow model), STR (the stream-routing 
package used with MODFLOW) and MT30 (the USGS groundwater contaminant 
transport model also used with MODFLOW). 
4a. REMAX is extremely sophisticated and powerful. As preliminary 
simulators REMAX includes MODFLOW, STR, MT30 and an analytical solution. 
These provide input for REMAX to use to create surrogate simulation 
expressions that are used within the formal optimization process. The surrogate 
expressions include superposition equations (discretized convolution integral), 
regression equations, exponential and logarithmic expressions, and neural 
network( s ). 
4b. Either skip this or move it to after slide 5. This is what the REMAX 
main menu looks like. REMAX is very efficiently designed to minimize 
unnecessary computations. The four main processes are Simulation, Pre-
optimization, Optimization and Analysis. Through these steps the user can 
cause REMAX to be computationally accurate even for nonlinear unconfined 
aquifer systems. 
5. REMAX includes powerful and well tested optimization algorithms that 
perform linear optimization, nonlinear optimization, mixed integer optimization 
and MINLP optimization using gradient search or outer approximation methods. 
These techniques are suitable for most problems addressing sustainable 
groundwater supply. REMAX also uses genetic algorithm optimization to 
address groundwater contamination cleanup problems. 
6. Thus, REMAX is very well suited for a wide range of management 
problems, including regional sustained yield planning, conjunctive water 
management and contaminant plume management. Again, REMAX is most 
suited for use by groundwater modelers, be they engineers or scientists. 
7. Today we want to primarily discuss CONJUS, a new S/0 that employs 
analytical expressions to develop influence coefficients and superposition 
equations for use in its optimization problems. Peralta and Wu of the Utah State 
University Irrigation Engineering Dept. developed CONJUS in response to an 
FAO desire to have tools better suited for use by field personnel that might not 
have the modeling experience or data to use REMAX. 
8. This is the CONJUS front screen. The flow chart on the left illustrates the 
processing procedure and guides CONJUS usage. The shaded rectangles are 
buttons that the user presses to initiate certain tasks. The first task involves 
inputing the data that describes the physical system, including aquifer 
parameters, observation well, stream and recharge basin existence and potential 
pumping well locations. The second button causes CONJUS to develop 
influence coefficients suitable for the physical system. 
CONJUS uses analytical equations to compute the influence coefficients. 
The analytical equations assume the physical system is homogeneous and 
isotropic ... relatively simple. Sometimes field data shows that the physical system 
responds differently than the equations predict. In that case, as the top diamond 
shows, and third buttom show, the user can (guided by his field experience and 
records) manually change the influence coefficients. This can enable the 
CONJUS superposition equations to be more suitable, within certain ranges of 
stimuli and responses, for more complicated and nonlinear physical systems. 
The lower diamond and fourth button permit the CONJUS user to select 
the weights and coefficients he desires for the objective function. This permits 
economic optimization, such as minimizing cost, and multiobjective optimization 
via weighting method. CONJUS can also perform multiobjective optimization via 
constraints. 
Pushing the final button causes CONJUS to compute optimal pumping or 
. stream/canal stage management strategies. 
9. CONJUS can be used for normal simulation as well as to optimize 
management of simple systems for the following stress/response situations. 
-effect of gw pumping on stream depletion and gw head (this includes 
use of image wells) 
- effect of intentional stream( or canal) stage changes on gw head 
- effect of seepage from a line source on gw head 
- effect of recharge via field or basin on gw head 
Generally these options are mutually exclusive. One can address only one of 
these situations at a time. 
10. Time-varying variables that the CONJUS can place upper and lower limits 
on in formulating the optimization problem include gw pumping, head, and 
gradient; cumulative pumping volume; stream depletion rate and volume; and 
managed changes in stream/canal stage, seepage from a line source and 
recharge from a field or pond. 
11. CONJUS is very user-friendly and operates from within Microsoft EXCEL. 
After the user provides initial physical system and management problem 
characteristics, CONJUS automatically sizes the input data arrays . .freeing the 
user from doubt about how little or much data is required. CONJUS can address 
a range of optimization problems fro the specified physical system. 
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12. CONJUS can address problems of any duration and number of stress 
periods(time steps) as long as each period is of the same duration. However, to 
aid practical usage, CONJUS also has special superposition equations that 
permit the user to employ two stress periods of non-uniform duration. These are 
especially useful in stream depletion studies. 
The user can control the relative proportions of water being injected into 
the aquifer via wells and that being extracted by wells. Injection is most 
commonly used when groundwater contamination is being managed. 
13. For example, a simple problem could have one pumping well located 
2500 m from a stream and an observation well located somewhere between the 
two. Initially, one wants to know the most one can pump steadily for 12 weeks 
which will cause stream depletion by the end of 12 weeks to exceed a certain 
rate. 
14. In the initial problem input one provides information on number and 
duration of stress periods, numbers of wells, gradient control locations, and 
general aquifer parameters 
15. This shows the first data input sheet. Here the user specifies the just-
mentioned general problem information. One can only enter.data in white cells. 
One cannot enter data in grey or blue cells. Based on the provided information 
CONJUS automatically provides the correct numbers of white cells for data entry 
in subsequent sheets. 
16. The next sheet requires this input data specifically for wells and pumping. 
17. Note that previously we indicated there would be one extraction well, no 
injection well, and one observation well. This transparency shows that CONJUS 
permits us to enter data for only that many wells. Had we specified two 
extraction wells, CONJUS would have provided white rows for two wells in the 
top part of the screen. 
18. skip the slide, but mention that similarly one enters the lower and upper 
bounds on pumping rates and heads. 
19-20. Skip these slides, but mention that .... Similarly one provides input for 
problems involving location and orientation of a stream, and a line source of 
seepage. 
22. Skip these slides if you want, but mention that ... One enters appropriate 
data for a recharge basins or fields providing recharge to an aquifer. 
23. Skip 
'I 
24. Here we enter the limit on acceptable stream depletion rate caused at the 
end of period 1 by pumping during period 1. For this example, we do not use 
time-varying pumping, although CONJUS easily does so. For problems involving 
more than two stress periods, all periods must be of equal duration. In that case, 
CONJUS will compute time-varying optimal water management strategies. 
25. One can constrain cumulative pumping volume. This is used to address a 
problem I (H J M-S) solved in my 197_ Groundwater Journal Paper on 
optimizing conjunctive use. One can determine the smallest size of reservoir 
needs to prevent unacceptable stream depletion. That example shows how to 
time one's pumping so as to make best use of the lag between stream depletion 
and groundwater pumping. Of course that means that pumping must change 
with time. 
26. This shows the influence coefficients that CONJUS computes to describe 
aquifer head response to pumping, and the unit pumping rates employed to 
compute those. As specified by problem input, these are computed for the end 
of 12. weeks of steady pumping (end of period 1) and the end of a subsequent 4 
weeks without pumping (end of period 2). 
27. This shows the stream depletion rate and volume influence coefficients 
tha!CONJUS computes. 
28. Here we see a graphic that CONJUS automatically prepares to illustrate 
the locations of specified wells, etc. 
29. This shows part of the CONJUS output sheet. At the top it summarizes 
that CONJUS used linear programming optimization to maximize the value of the 
objective function (3,214 cubic meters per day). It summarizes the head that 
results at the extraction and observation wells at the end of period one, as well 
as the stream depletion rate at that time and the cumulative depletion volume by 
that time. 
30. This shows the output for period 2, the four weeks during which there was 
no pumping. Note that although cumulative pumping has not changed from 
period one, the stream depletion volume and rate have increased. 
31. In summary, there are available powerful S/0 models to help 
management of stream-aquifer systems. These are suitable to address physical 
systems of a wide range of complexities by users having a wide range of 
experience. CONJUS is most suitable for relatively homogeneous and simple 
physical systems. One can manually adapt it for non ideal systems if one has 
sufficient field information. REMAX is suitable for study areas of whatever size 
and complexity one can simulate. Other simulation models can be used within 
REMAX than merely MODFLOW. For example, the SWIFT code (suitable for 
fraCtured flow) was used within REMAX in one project. REMAX has procedures 
for automatically adapting to nonlinear systems and correcting for nonlinearities 
in its computations. 
32. Both CONJUS and REMAX are available from Dr. Richard Peralta, in the 
Biological and Irrigation Engineering (formerly Agricultural and Irrigation 
Engineering) Dept. at Utah State University. I have a few of Dr. Peralta's 
business cards. He can be reached via 
email at peralta@cc.usu.edu , 
phone at 435 797 2786 in the US, or 
FAX at 435 797 1248. 









*************************** *** ACTIVITY REPORT *** 
*************************** 
2969 















' """ '"-"'"'""'''"-"'"'" ......... _,~........... .. .. ~ ........ " ...... .. 
June-98 AJ,pha Version 1.1 
CONJunctive Water Management Utility Software 
and Simulation/Optimization Tool 
Richard C. Peralta and ShengjunWu 
Software Engineering Division 
Systems Simulation/Optimization Laboratory 
Depl of Biological and Irrigation Engineering 
utah State University 
Logan, UT 84322-21 05 
Phone: ( 435) 797-278516 













....... , •.. , .... 
::I 






























~.· ... ··. •.• "'' "'. · .. ·•·. '.• ·· . ·.· .·.···.·.·•·-<~t'll''.·.···.··ia···.· · ·.··.··.•· .. ·• .. ·• ...·· •••••.·· ... ·.··.··.·._·. ··.•.· •.•.• · .• ·• .. ·••.···.·.···.·.·•.·.· .. ~ ... ·•.· .. ··.·•· .... ••·.·.:.·.·.a··· ·•. _· .·.·• .. ·· .. .···' ..· .. 1;:;:1 .. ··· .·.·.·.···.·.···• .. · .. ·.··.·._··.· •. ·•.•.•.•.·. ·_···.· ... ··· .. ·•. •.··.·· .... ·•.• ._:· ..~·.·.·. ·.•.  ···if···· ..  .. · .. •.• . •·•.•.··• ...••.·.· .. :.·.·.·.··.· ..• ···.·.~.-."~ •. • .  •• . ••.• . .-.··.·.·· ...!··.·.·.·.· .. ··• .. ·.· \:ill1! e.l\Je.r . .,.,.,~, . r"" · •· . . . . .. ·e•'.r:"''P"!F , ~"em ..,,ll,:&.tlii '· ~~ . , . 
~@~tl):f. '', corrt ~f· if'~ . p!;!:m;D;(!.aig · ·hba~.: . ,;·tl!!il~s~urce genet-aUy 
··b' ·.·• •. :\.;-::"ti•.:.+ ·.:•.-r'>••:~<>: ·:•:::i:,·:·, ··•·••:' . .'P~. ':r·.:··;i;,. ···t · ·1 •• 
C) s~~'!ll!:. ~>,n: '·j . .. . l!-"'!l!··!!§~ .. · 'th .. l .. : , , WJ,,.,;ou . on yon~. 
~rf~ . ····•· . obs=~~Ji <i:~~~e . \~a~'~ ·n;:;'· Image .. rechat'g:e 
. !'. . . . . ; •• . . welli{s\)':·tt5· ··: . g. ·< ; ,; ! well(s) area 
·. ;;;: . ~(~. .. ?•; ; ' . ; ~~!~*)' >. ··. .. . •.. . 
.··.·.··.:• ·. · ·.e."'.··.: ....... :·,~:~ .. ·.·•••.ere .· ...... ··.•· · .. ;;·>.:.• .. ·.:.".~. ·.· nsidered · ·"Considered 
c ·.. . • · .~··.,·~· ··•··· .. ·. con$id~~ed •.·.·•··.·.'> ·it · ' aq.,,u···· ;.'.'' .•. ~ .• r. h.· . .ead. . .(·· ..·.·.·.,· .. · ... ::·· .. ······.:.·) .<'/fyes l no ) (yes I no ) ... · .. · . ·. . . ., .yes . no ,, .. , .... 
(¥eslt'~>o) · · · · 
No. of .. 
lnje¢ti.on 
wells 
0 1 0 yes no no 
' ,•,-·. ·-:·-~~-:-- •.... .,.,.,., 
''/;_•;' 
. :' ... _·..:'(<':· .. ·_-::':'(·-·:·> .. · ... ··.:· ' ,_-: _,_-" -·· '• ,', ·: ·-:-. __ :.-. __ . :_' 
Additional eriohlem·lrtfQfMra,ti:f>;n 
_ ..... ···''\-'.-' , ...... -,· ·.. ',' ,' '' .. , 
·-
·~ ; j ·. 
Minimum . MaJd~urj:L 
ratlo of niti-b of· 
-.,: .. ' ' I 
Unit period injection to 
total 
inje~ti;~n to 
tdtal Storativity · . . ' conductivity ... ..... . 1 [TJ 
l::!u•it period 
2 [T) 
[ L I T} pumping for pumping for 
., .. ' '. 
every period every •. perlod 










f ~~ ]: 
2500 
X coordinate 
[ l ] 
ll·' ' ~&F"Eiitr,liiit.iii.{ .. j. < .. ,,, e., .. , ...... ,.~.,~ . 
· · r~ 1 . \j~): '"' 
0 10 0.1524 100 . 
Injection Well~ lnllitnlll~tilta. · '),c', 'j, •. • .· . ' . . •·., . :, , ' '.:. .. 
, Aqutfer .. · ..... · ...... . 
y coordinate.·.t'0 .. ··.· .i.i.• .. k· ·.. . w~ei .. J.':re.iaa .. ·.•.!i,lit!$' ,,; , udC ness · . · 
[ L.] , , ·. · ·· · 'r 'L 1 ·::' :'Jll t• .. · .. ·J 
Observ~tib~n Well' lnfonnatid~n ... , .., ..... : " ",,· ' ' ' "'· 
X coordinate y coordinate,! ,AQuifer 
[ L] [ L] ··· . thickness 
[ L] 




[ t #;:Q P:r ]' ~ : .. ';,~;··'-.~:.:f:"l ·:: 
•hi:fi.f.ta:l R:&al!l .,.,, '1• .. - . 
il' .. ·.~.t.· . ~. 11 ".-'· ·l 
2592 100 
it pumping Initial Head 




GradieOt Control Pairs of Obs~~on Wells 
18 
~on optima. ,, 











~lead at the 
end of 
period 1 
[ L ] 
100 





H ;,j. h .. 
·e~g,~~per 
boil.niBNf~:r ,: .. ,.,._._ .. ,._, .. 
~l:l~~~~~1· 
fLJ 
., . ._,.,._. 
n/a 
~r··· E~~B~  
~at~:.ti?:WM· 
:EJ<t~aetl0:ii1 .·;·,.,·:·· ., -~, ' '!,. :~' '\ 
.·· ~~t ·Hi ·'' r " ~ .• ,PiPe 
~:~;a~~~~~· : ijAR~~*~~( 
!Wi~;;4; ·plillil:~ ·~, 
· · ··-:- _~-- _.:.:,··,_:_~ :ti-~f·:_: .... : .. ·: ·:·r-·- ... : .. ··_ :::; __ · .. _.,_.:·:·: -~:-: 
~t~~·'# \1111 r 1{. ,, J;.!I:J;,:PT •t l .. ,. .. _:~~~- ~- ) ' .. ', :k 
•·•· ••'•,•·A'.'·.•••,, .. ..,...., .. ,.~._,. ''• ,,. 
0 n/a 
,,, . 
. , .. ,. 
•'·'•' ' 
•tl,•' 
Head lower Head u.p.per ·lnjecti~~ . ' lnj~ecti&o. 
bound for bound for rate lo~r : (ate uppJr-
period 1 period 1 bound:f~r <bound for 
[ L 1 [ L I perio.d''~:;·,, .·•·. 
Head lower Head upp.er 
bound for bound for 
period 1 period 1 
[ L ] [ L] 
0 200 
" ,, . l .. ·.. ..··· ...... • .. ...... . '·<:.: ... , ··'·• .. !lll.i!;!fl~R·hm.<~: · · ...: a!eadbl~w~r '~i~#:~~~p.er 
t ", _:.>.·:·-''. ··:. '·._.·:·:·.'''1'':!'~::~~:_--,_._'_:·· .. · .. :·:-··:' :_· .. :_::.' --..... _-- .. ~~_::!' 
:headrilfilf!i¢ . ~d1Jb!~;,~~r.. ····•·• "~o.Wn~!for ' .. ' :· .. ::·;.;.... .·· '·+ry;~ ·,:··.··· . J•::~:,.;.·:;:: .. ·.··· .. 
·. end1oJ ''~I! .. ,, ·~MmQi2 
..•... :t~ ~;.·2 ~~:,; ~~ ..... r:i~~~·~;;:r· 
. ~~tp, ' ·. \~;1Ji;;)l, . . .•.•. ·...••.•..••..•.. ,[ .. ~,~. 
~~~il . X< .. · ··.· ,; .. · : 
'··-···--·-;-,,;._. __ 
100 0 n/a 
N·~n:~ptiJniii . ~~lower ,;~ea~,:~pper 
had:,i~ttl,e ... 





Nonoptrin~a:l' · Heaq iowei';\J·fead[iippel 
llead<atth,e bound for ( ~u\1''~ 
end o,f. period 2 . \ ,: ~p~ri()d 
period 2 It'] 
It! 
. .,_..,.,.,., ....• 
100 0 200 
iSxtrantian 
'·'"+:-· '''.'<"'•~'-'· 
f'a.·.le towe .. r 
'•'"' •'"'''' 
;.._, '. n'"····r· .. '~~~!:t, ~:~;; .or 
:~eriod2 






















" 1: ·-..IE 








,,: : •.•.•.•. '> ::u . 
··••••• '· Strea!h X1 coordinate Y1 coordi:liiiate X2 coordinate. Y2 ·c®liCiibifate ··.. · surface 
! . .. ... _" ' .. ' . 
. [ l] [ L 1 [ L 1 [ L J ei"Vafii¢'0' 
L{ Ill 
0 0 0 
.. · ' ' 
·.:J.::~~:,'- <·' 
Line Source h1fotrnation . . I , 
" ' 
l. # X1 coordinate Y1 coordlnate X2 c;oordi~~te Y~ coordinate 
. MIMI SOUrce [l] [ lJ . (l] 1 · .. · [l] 
' ' ' . 
.. ' ' '·' ..... ::: ' ',.. -.· :· : ..·· <·.: .. .. ::~:_:·_ .--~···: .. :. _"·.;:-\.}'._.<:· ;:·;·;:·;_:·/·. :·:;·,-
' , ·:; /ftlijij,'i!i~r · <): i\f.\~!li~ro MI!Hmu:m :Max;il!tl.llm 
. ·'' ·:;:'~~--.-'-'--'1~-(:·~:~-~- ·'•:::.:_·::_-, .. , .. _ .... ,'/-:.-::,··,:-·:·'- - .• ,-.' ''' ,, · .... <. •• • ·-· .. 
U~it.sti;!l~!ll ~(~g~~'Ru~ :st-~,~~~qe $treamstage S'tfeal'tl:st~e 
~~~g~¢ij@'!l!l · ..... Q~~~ ·. rr c~~~. ,•' .. change change 
ILJ •' d;!ttii:ll~ '~iod .durin~ ,~riad during period du~in:g period 
1 1[t] / 1 i f!l•l 2 [ L 1 2 [ L 1 
Unlt:ttn'il 
·source· 
~ .'· ' " 
seep.age r,ate during.period(.cluril)'g p~riod 
[l Ai/ T] 
Minimum.Line Maximum Line 
source source 
seepage rate seepage rate 
during period during period 
2 2 
[ LA2/T] [ LA2/T] 
~ ' .' ·, . ' ' ., ' 




'.:·· ·.; ~,, i', 
e..ter el ,.. ; ~lii )' ' !, 
X . y'• ~',. . ··... • \') j'y 
~R .ectangul coord·l·nat··· .· ·e ee&f· .... ··."'.·•.•: ·.:.Iii; ·a"e' · .. ·.s • ide. ··.& .. •"· .. · .... • ... ·.~.·· .. ·· .··.a· .. •··.m.·.m···.·.·.ll· .....~<· .• ·•.· .•. ~f·· '.···Ai. · r..·. ,..;~ .• · ..• '· i,J;,·'·. ·.·.··.··.·.·.'f . ·. .· · ... ·· ...... · .w.· .. •·  .·.n . ··.· ... • ... i·t···· . •.· ... ·.··, .... J~· .•.. ~-.~~." . . ~·.· .. mu ...... ·· .. ·.....• Q\1· .. ' .: ••. • .. : •. :··.•.·.' ... '· .• : · .. m~ .. • .. ·· .• ... •. ,
R~H~tfto~}!t~ .. r ·R~:.e;q~t,~~ ;~~~~. l:ljl1fq,,i. 
, .. , '• ' 
, , · ··· ,. . , 11. · ,,, · '!''~ ''" . Yi'IJ!I:rL1<1'G' " • · .·: • • .· · ., ·' " ' • " · 
. ·. ,.,.,, . .,..-;~,,.,<J.r'U~"Ciolr{llkJQ' ,.,,,,.,,.,.,.~',~!.·••·, ., ·: ,'\,: ··,•.•:.;.····''~'"' If · ar of the·. e.f the r~·$111·.· il!l.'.l.ii· ,Jec· .. ·.· .... ·.t:~~. :,R· ..... I!I··.·. u·•·l<> •'"' .... ·.·~.-.. .. : .. ·~ ....... :.•.·· .. 1·.····.·.··.·.· ree··.·.;.~·.· .. a·m.',i.·m.·.· •.  . .. '.a<.Fal! .... ~. ~lli .... aJ ...Qi.· .. · ..· ··.·.•• . · .·r.·~.·· .... • .· .. ·'.. 1\li ... a .. r .;ru> .. ; 
rechar···ge # .rectangu. Ia .. ' rectangu·ta r rech···.a··.tge. rr.ec ... h· .. arg .. e··· ··r··. ·r..,· .... ".···''.·"'.· .. ·a·.···.~· .. :. :· .. •.·• ·.·.r .  · ... f.·:i ..,.eli .. ··• .. ··. . ··~: ... ·.·.a.g<. ~· ··M···. '·m .•.~· .. ' · · · · ·  ~  ",ge · · "'· ··· · "'"fJJ"'Rll"' 
r recharge r rechar·g·· e·. . .ar.ea· .. ·· .··.·· .. •· ·a·r .·.ea·. ·.····.·.·.· .. · , . , .s ..,~·.·· . .,· •. ·.-· .. a ... ··A· .. e'. ·.. .·· ·.·~.aJ .e·. ··.·· .. ·· .... • ..... ·.'r···.at· .. ·e· . .· . ... afea ··. . ,..,.,;:;!). · ·.,· . . . ··· ·· · ·· · 
area area · (anticlockW .. [t··] .~· .. ;.~. rate· .. ·.· .. ·["'·· ~·r· .·· .. ~· .. ·.·d,:n.·g····.···.: •.·.d·.· .. u ..·A .. ·.'·nn ... . .· .··. (r;.]il ' ,, . '" ... ", • ·"''' :, ,,,.... ''';I 
tse) ·· · t T J •' fli!tod.J::; ' ~~dod 1 
fL ,2/lJ [:b-'2/T] 
[ L] [L] 
Stream Depletion Constraints 
.. ' 
''f.' 
~ ' , ' 
~ ' . .. ,; , .. 
' .... 
'" ~-.:_;•' ,,·>. ,. 
MaximUm 
atlowe~-' 
Minimum Maximum Minimum Maximum · NUni·rnum Maximum M!:t:titft:l;ltfl. 
atlowed allowed allowed allowed . ·• .alh~w~d allowed allowed 
river river river river ... · river river •river river i 
clepletion depletion 
rate rate 
depletion depletion . depletion depletion depletio.n depletion. 
volume volume ·· ..... ·... rcite rate volume volurM ; 
during during 
period 1 period 1 
during during during during during durinQ 
period 1 period 1 period 2 period 2 .period 2 period,4i.. · ·• • .. · ·· 
.. [ LA3fTJ JLA3JT] [LA3) [LA3) :(LA3JT) [LA3/T) [LA3) [LA3J . 
' .... '" .... '"'''"' ................. , .. , ...... , ............................. , ... , ...................................................................... , .................... : 
0 172.8 0 ~ 0 ~ 0 ~ 
.·.~···• ,.,,.~,.,v,.,-.,., '•"•<··,,,•.-' 
,., .. ,. 


















.... ~··· ·····"'·"''···'··· .,,, ....... ·. ·.·m:·.: .... · . ·1··w··~· ,,.i. ··. •.· .·' .•••. ····"···· •..••.••.. >.;:.,·, .. , ........ ,,., .... . ,, ,. ''I' ·· ··· · · .. ·.l!'fl ··. ll§JiS'j,e ·A'D .·. N· lJ1ml:.l' •lll· tuo '' itilliiHflilll\~· ··1 'l. • ·, lt:.t1ma .:,Q - -lr:a_p.IBV-:_.;,-Q.\fi':l: :_ (-,,,. >U1 ~:lU' lg ~I!.:Yfili·.,i· ~~)-a,¥1~1- *!lEft,~· :-::-~~ . D'l~l:if~J 
./'·~··: ·' .,.,.i. ··.. ,• , ,.•-'<, , .. :, c._,_,,~,_' .,-·~-.:·r·;'-'.'"' ,.-_·;•::•->::,:'(' .'~ '.o•·:'' ."·,' · ·. '>•f.f' ·c-:',,,_,1.·::: :\. :.:.-.-.~·-·''1'1· ~ '~tt;'·':·'.':h,• ,._/ '1:. ;'::·_' ,,./: · ;_ ':··.·,-: ,<.'· ... ~;~:,''(•,!\,.2~.: .. ~ .. --.;'~-·:::'::· _\·:.• ,~t~.':;<:>··: •:• .;·_: .. , ,- ·; · \;, ••',•: ;'. ', · '·· ·. 
MliiiAllt:N;m M,i:ni'lillli~il!fil:. .. M~:illi3Bil· . .. -n·-· ·"· ,, '"'' 
aNio'wed · · allowed · ···. ~l·l:o:wtd: · 
' . 
·~ J 
Gl!Hti!Uiative cuml!tlative ·cumulative ·•• ctfnnH.atit,~e: 
~umping pumping. pumping .·· ····. pumpint. 
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[ L A3] 
n/a 
thru period',. ,thru peri.ecl' 
2 . !: .··•· . 2 . . ~: "; :· ' ' ' ' ' 
[ L A3 ] . ··•·· .. ·. ·[LA3] 
n/a n/a 
End ofJ.Ifl.put·Data · 
-z,b 
Influence coefficients 
Unless you have changed them! the below coefficients were created by CONJUS using your input data. 
CONJUS will use these coefficients to calculate the optimal water management strategy. 
Influence coefficients describing drawdown for two nonuniform periods: 





uni~eriod( 2)= 2.80000E+01 
pumping during pumping during pumping during 
Period 1; observe Period 1; observe Period 2; observe 
at the end of at the end of at the end of 
period 1 period 2 period 2 
Unit pumping 
ex~acnon well #1 ex~acnon well #1 3.75663E+OO 2.85823E-01 3.53004E+OO 2.59200E+03 
observauon well #1 ex~acnon well #1 1.24681 E-01 1.40059E-01 2.41506E-02 2.59200E+03 
~ 
Depletion rate influence coefficients for two nonuniform periods: 
Excitation location 
extraction well # 1 
pumping during 
Period 1; observe 




Period 1 ; observe 




Period 2; observe 





Depletion coefficients describing volume of river depletion for nonuniform period: 
pumping during pumping during pumping during 
E 't t' 
1 
t' Period 1; observe Period 1; observe Period 2; observe XCI a IOn OCa IOn 
at the end of at the end of at the end of 
Unit pumping 
period 1 period 2 period 2 
extraction well # 1 3.09183E+03 8.46879E+03 7.821 03E+OO 2.59200E+03 
Study Are a 









0 500 1000 1500 2000 2500 3000 
I extraction wells A obsevation wells stre~ 
Optimization option: Linear 
Maximize precision: 0.001 convergance: 0.002 tolerance: 5% 
Use linear model to perform optimization 
Objective solution: 
3.21447830E+03 
~1 Period 1 
Optimal pumping and injection rate(s) [ L AJJ T ]: 
pumping of extraction well #1 3.21447830E+03 
Optimal head at extraction and injection well(s) [ L ]: 
head at extraction well #1 9.53412009E+01 
Optimal head at observation well(s) [ L ]: 
head at observation well #1 9.98453770E+01 
Optimal stream depletion rate [ L AJf T ]: 1.72800000E+02 
Optimal stream depletion volume [ L AJ ]: 3.83434145E+03 
Cumulative pumping volume [ L AJ ]: 2. 70016177E+05 
Ratio of injection to extraction: n/a 
Period 2 
------------------------------------------------------------------------------------------------------------~---~=-·· 
Optimal pumping and injection rate(s) [ L A3f T ]: 
~0 pumping of extraction well #1 O.OOOOOOOOE+OO 
Optimal head at extraction and injection well(s) [ L ]: 
head at extraction well #1 9.96455352E+01 
Optimal head at observation well(s) [ L ]: 
head at observation well #1 9.98263057E+01 
Optimal stream depletion rate [ L A3/ T ]: 3.02187473E+02 
Optimal stream depletion volume [ L A3 ]: 1.05026053E+04 
Cumulative pumping volume [ L A3 ]: 2.70016177E+05 
Ratio of injection to extraction: n/a 
·~·· 
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Presentation for UNESCO conference on Sustainable Water Resources (4-6 Jun 98) 
OPTIMIZING CONJUNCTIVE USE FOR SUSTAINABLE PRODUCTION: 
TOOLS FOR THE MANAGEMENT SPECTRUM 
By 
Richard C. Peralta, Shengjun Wu, Fernando Chanduvi and H. J. Morei-Seytoux 
1. Authors include Richard Peralta and Shengjun Wu from Utah State 
University (USU); Fernando Chanduvi from FAO, Rome, and myself. Dr. Peralta 
sends his regrets for not attending, but important family events were scheduled 
or became known after he proposed to present at the conference (two college 
graduations and a wedding between May 30 and June 6). Our topic concerns 
two simulation/optimization (S/0) models developed at Utah State University to 
aid managing aquifer and stream-aquifer systems. 
2. An S/0 model contains both simulation abilities and mathematical 
optimization algorithm(s). The S/0 models discussed here are designed to 
compute mathematically optimal water management strategies for posed water 
management problems. The S/0 model includes decision and state variables. 
In common parlance, decision variables are those which managers can control 
directly (such as groundwater extraction pumping). State variables are those 
which describe the physical systems response to the management decisions. 
The objective function is an equation that the S/0 model will seek to 
minimize or maximize the value of (per user request). An example objective 
function is the sum of steady groundwater pumping rates from an area. Such an 
objective function is commonly used in S/0 models seeking to maximize 
sustainable groundwater pumping. 
Bounds include upper and lower limits on decision or state variables, or 
even on the objective function value. One might place a lower bound on aquifer 
head to prevent a pumping strategy from causing unacceptably small saturated 
thickness near pumping wells. 
Constraints include equations that link decision and state variables, and other 
conditions that must be satisfied for a computed water management strategy to 
be acceptable. For example, constraint equations defining aquifer head or flow 
response to pumping are used in S/0 models for computing optimal groundwater 
management strategies. 
3. Here we primarily discuss CONJUS, a new S/0 model designed primarily 
for use at the field level. It requires relatively little data input and so is suitable 
for relatively homogeneous and simple physical systems. We also mention 
REMAX, designed to address any aquifer system modelable by MODFLOW (the 
most commonly used USGS groundwater flow model), STR (the stream-routing 
package used with MODFLOW) and MT3D (the USGS groundwater contaminant 
transport model also used with MODFLOW). 
4a. REMAX is extremely sophisticated and powerful. As preliminary 
simulators REMAX includes MODFLOW, STR, MT3D and an analytical solution. 
These provide input for REMAX to use to create surrogate simulation 
expressions that are used within the formal optimization process. The surrogate 
expressions include superposition equations (discretized convolution integral), 
regression equations, exponential and logarithmic expressions, and neural 
network(s). 
4b. Either skip this or move it to after slide 5. This is what the REMAX 
main menu looks like. REMAX is very efficiently designed to minimize 
unnecessary computations. The four main processes are Simulation, Pre-
optimization, Optimization and Analysis. Through these steps the user can 
cause REMAX to be computationally accurate even for nonlinear unconfined 
aquifer systems. 
5. REMAX includes powerful and well tested optimization algorithms that 
perform linear optimization, nonlinear optimization, mixed integer optimization 
and MINLP optimization using gradient search or outer approximation methods. 
These techniques are suitable for most problems addressing sustainable 
groundwater supply. REMAX also uses genetic algorithm optimization to 
address groundwater contamination cleanup problems. 
6. Thus, REMAX is very well suited for a wide range of management 
problems, including regional sustained yield planning, conjunctive water 
management and contaminant plume management. Again, REMAX is most 
suited for use by groundwater modelers, be they engineers or scientists. 
7. Today we want to primarily discuss CONJUS, a new S/0 that employs 
analytical expressions to develop influence coefficients and superposition 
equations for use in its optimization problems. Peralta and Wu of the Utah State 
University Irrigation Engineering Dept. developed CONJUS in response to an 
FAO desire to have tools better suited for use by field personnel that might not 
have the modeling experience or data to use REMAX. 
8. This is the CONJUS front screen. The flow chart on the left illustrates the 
processing procedure and guides CONJUS usage. The shaded rectangles are 
buttons that the user presses to initiate certain tasks. The first task involves 
inputing the data that describes the physical system, including aquifer 
parameters, observation well, stream and recharge basin existence and potential 
pumping well locations. The second button causes CONJUS to develop 
influence coefficients suitable for the physical system. 
CONJUS uses analytical equations to compute the influence coefficients. 
The analytical equations assume the physical system is homogeneous and 
isotropic ... relatively simple. Sometimes field data shows that the physical system 
responds differently than the equations predict. In that case, as the top diamond 
shows, and third buttom show, the user can (guided by his field experience and 
records) manually change the influence coefficients. This can enable the 
CONJUS superposition equations to be more suitable, within certain ranges of 
stimuli and responses, for more complicated and nonlinear physical systems. 
The lower diamond and fourth button permit the CONJUS user to select 
the weights and coefficients he desires for the objective function. This permits 
economic optimization, such as minimizing cost, and multiobjective optimization 
via weighting method. CONJUS can also perform multiobjective optimization via 
constraints. 
Pushing the final button causes CONJUS to compute optimal pumping or 
stream/canal stage management strategies. 
9. CONJUS can be used for normal simulation as well as to optimize 
management of simple systems for the following stress/response situations. 
- effect of gw pumping on stream depletion and gw head {this includes 
use of image wells) 
-effect of intentional stream( or canal) stage changes on gw head 
- effect of seepage from a line source on gw head 
- effect of recharge via field or basin on gw head 
Generally these options are mutually exclusive. One can address only one of 
these situations at a time. 
10. Time-varying variables that the CONJUS can place upper and lower limits 
on in formulating the optimization problem include gw pumping, head, and 
gradient; cumulative pumping volume; stream depletion rate and volume; and 
managed changes in stream/canal stage, seepage from a line source and 
recharge from a field or pond. 
11. CONJUS is very user-friendly and operates from within Microsoft EXCEL. 
After the user provides initial physical system and management problem 
characteristics, CONJUS automatically sizes the input data arrays . .freeing the 
user from doubt about how little or much data is required. CONJUS can address 
a range of optimization problems fro the specified physical system. 
12. CONJUS can address problems of any duration and number of stress 
periods{time steps) as long as each period is of the same duration. However, to 
aid practical usage, CONJUS also has special superposition equations that 
permit the user to employ two stress periods of non-uniform duration. These are 
especially useful in stream depletion studies. 
The user can control the relative proportions of water being injected into 
the aquifer via wells and that being extracted by wells. Injection is most 
commonly used when groundwater contamination is being managed. 
13. For example, a simple problem could have one pumping well located 
2500 m from a stream and an observation well located somewhere between the 
two. Initially, one wants to know the most one can pump steadily for 12 weeks 
which will cause stream depletion by the end of 12 weeks to exceed a certain 
rate. 
14. In the initial problem input one provides information on number and 
duration of stress periods, numbers of wells, gradient control locations, and 
general aquifer parameters 
15. This shows the first data input sheet. Here the user specifies the just-
mentioned general problem information. One can only enter data in white cells. 
One cannot enter data in grey or blue cells. Based on the provided information 
CONJUS automatically provides the correct numbers of white cells for data entry 
in subsequent sheets. 
16. The next sheet requires this input data specifically for wells and pumping. 
17. Note that previously we indicated there would be one extraction well, no 
injection well, and one observation well. This transparency shows that CONJUS 
permits us to enter data for only that many wells. Had we specified two 
extraction wells, CONJUS would have provided white rows for two wells in the 
top part of the screen. 
18. skip the slide, but mention that similarly one enters the lower and upper 
bounds on pumping rates and heads. 
19-20. Skip these slides, but mention that .... Similarly one provides input for 
problems involving location and orientation of a stream, and a line source of 
seepage. 
22. Skip these slides if you want, but mention that... One enters appropriate 
data for a recharge basins or fields providing recharge to an aquifer. 
23. Skip 
24. Here we enter the limit on acceptable stream depletion rate caused at the 
end of period 1 by pumping during period 1. For this example, we do not use 
time-varying pumping, although CONJUS easily does so. For problems involving 
more than two stress periods, all periods must be of equal duration. In that case, 
CONJUS will compute time-varying optimal water management strategies. 
25. One can constrain cumulative pumping volume. This is used to address a 
problem I (H J M-S) solved in my 197_ Groundwater Journal Paper on 
optimizing conjunctive use. One can determine the smallest size of reservoir 
needs to prevent unacceptable stream depletion. That example shows how to 
time one's pumping so as to make best use of the lag between stream depletion 
and groundwater pumping. Of course that means that pumping must change 
with time. 
26. This shows the influence coefficients that CONJUS computes to describe 
aquifer head response to pumping, and the unit pumping rates employed to 
compute those. As specified by problem input, these are computed for the end 
of 12 weeks of steady pumping (end of period 1) and the end of a subsequent 4 
weeks without pumping (end of period 2). 
27. This shows the stream depletion rate and volume influence coefficients 
that CONJUS computes. 
28. Here we see a graphic that CONJUS automatically prepares to illustrate 
the locations of specified wells, etc. 
29. This shows part of the CONJUS output sheet. At the top it summarizes 
that CONJUS used linear programming optimization to maximize the value of the 
objective function (3,214 cubic meters per day). It summarizes the head that 
results at the extraction and observation wells at the end of period one, as well 
as the stream depletion rate at that time and the cumulative depletion volume by 
that time. 
30. This shows the output for period 2, the four weeks during which there was 
no pumping. Note that although cumulative pumping has not changed from 
period one, the stream depletion volume and rate have increased. 
31. In summary, there are available powerful S/0 models to help 
management of stream-aquifer systems. These are suitable to address physical 
systems of a wide range of complexities by users having a wide range of 
experience. CONJUS is most suitable for relatively homogeneous and simple 
physical systems. One can manually adapt it for non ideal systems if one has 
sufficient field information. REMAX is suitable for study areas of whatever size 
and complexity one can simulate. Other simulation models can be used within 
REMAX than merely MODFLOW. For example, the SWIFT code (suitable for 
fractured flow) was used within REMAX in one project. REMAX has procedures 
for automatically adapting to nonlinear systems and correcting for nonlinearities 
in its computations. 
32. Both CONJUS and REMAX are available from Dr. Richard Peralta, in the 
Biological and Irrigation Engineering (formerly Agricultural and Irrigation 
Engineering) Dept. at Utah State University. I have a few of Dr. Peralta's 
business cards. He can be reached via 
email at peralta@cc.usu.edu , 
phone at 435 797 2786 in the US, or 
FAX at 435 797 1248. 
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0 
At the end of the century, concern about the 
availability of water resources to meet the needs of future 
economic and social development is increasing. Awareness 
of the importance of this vital resource heightens daily. 
Countries situated in the arid and semi-arid regions will 
face a water crisis in the years to come; sharing of 
transboundary rivers or groundwater systems may bring 
about conflict in others. What .js the present situation 
with regard ro the availability of water resources in the 
world and what are the problems to be encountered in the 
future? 
The publication by UNESCO, in the framework 
of the International .Hydrological Programme, of the 
monograph World 'Wtzter Resources at the beginning of the 
21st Century gives an opportunity to the international 
scientific community to review and discuss the knowledge 
gathered to date on the water resources of the world and 
to identify the problems to be faced in the next century. 
-•·lDt4MN¥l 
• To take stock of the present knowledge of 
water resources of the world considering both the quanti-
tative and qualitative aspects; 
• To identify water problems to be faced in 
the next century due to the increased demand for water 
for human water supply, irrigation and industry; 
• To make recommendations to the inter-
national scientific community for dealing with future 
challenges. 
I 
The Conference takes the place of the 
4th IAHS/IHP Kovacs Colloquium. The programme is 
as follows: 
Dl2y i: Plenary session 
Presentation and discussion of: 
• the IHP monograph on World w:tlter Resources at the 
beginning of the 21st Century; 
• other monographs and synthesis of the re&ional and/or 
global assessment of water resources. 
Day 2 a~ce 3: Working group activities 
Five working groups will be established to consider the 
main themes of the conference and to work in parallel. 
Dlay 4: Plenary session 
Presentation, discussion and adoption of the main 
conclusions and recommendations submitted by the 
working groups. 
ll..aragUllages 
Plenary sessions: English, French, Spanish and Russian 
with interpretation. 
Working groups: English and French without interpre-
tation. 
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Septe r Abstract due at Divioion of Water Sciences, UNUSCO, 1 mc ~1iollls, 
75732l'arls Cedex 1~. !'ranee.' l'a . : .B I 4S 6X .~K 11. Fnr mmfercn1:c Water: a looming 
cl'i~i&? Pnl'is, 3-G Jualc 1998-- ALslluutliLI<>: "Ou~tiun inLC);I'Cc opLim~lc des ~UK dtl 
surrBce e! GOUL81'1'11ine& danG un grand bBGGin". Prerepiotrntion fonn oent August 18, 97. 
Abstract submitted for presentation 
at conference "Wnter: n looming crisis?" 
UNF.SCO, Paris, 3-6 Juin 1998. 
"Gcstion intcgrcc optimale des eaux de 
surface ct soutcrraincs dans un grand bassin". 
par 
HJ. Morel-Seytoux 
HydrolO!IY Days Publications 
57 Selby Lane 
Atherton, CA 114027 
Eta15 Unl~ d' Am~rique 
tcl. ot fax (650) %5 ~080 
em"il: mnrebr.y@n•e•·!lnv 
Mno•' d!LnD oeo deuK volumoo (1946) diacutc lc problemc de In {;03tion optim~>l<> doo 
lachures dans le cas d' un seul rtservolr de surfuce qunnd le ix!noficc est derive de Ia 
production d' ~nersie hydrocltctriqu~. Ma••e <>btint ses r.Ssultat.s A Ia fols par un 
J<tbouucnumt .!"uuu•ui'luc c:t JJHI' unc: g~rulrallsatlon du Calcul des Variations. Sa 
m~.thode lui permit de fournir Ia preuve l'igoun::usc de Ia m.!thod~ llraphique de Varlet ( 
192~). ditc du "fll tc:ndu". J)aals cct anlcle on gcnllrlllise Ia JJ'l"'~llun:: de Masse au cas oh 
(I) le htnMice est rcHlis6 hi~u en nvnl clu pnint al" lHc:hum, ('.) i1 y a plusleurs "polm-
oiblc~" (points o~ un ocrtaln objootlf dc.h 8ti'O asaua'l$), (3) ily u pluoi.:uro rC><;rvoin, ~>! (4) 
lcs rivi~rcs sont en conneclion hydraulique avec !11 m1ppc; alluvlale. Masse avait tronvt 
que Ia gestion optimale est celle qui maintient In v11leur rnllrginulc du bCmSficc <:on~tunt 
duns le temps, pourvu que Ia gestlon soil en regime libre, c· est a dire tant que le reservoir 
nc fonctionne ni A plein ni A vide. On rnontro de nutni~n;; rlgouruuoo duns le cu..c;; s6n6ru.l 
<JU<> puur unc gcst11m optimalc cc qui dolt rester constant dans le temJls c' est Ia sonnue 
des valeurs marglnales ftm1re.s de.s ~.n~flees ert 10usles point-cibles lknl pour lcs lachurc• 
de~ r6~c•·•oir~ de •uafa~.e \]UC pu111 lc• d~\Jit> lie pumpa~,;c llaus Ia uapp~ 114uifeu:::. l..e~ 
"b~n~liccs" son1 nSalises par !ft reduction des inomlutiuns el !'"" Ia fournhure des besuins 
pour I' o.limcnlation d' cau pot.~blc. On d(mnc d<>• cxcmplc• (•implific•) d' applic11tion 
pour un bassin iiiuslralil' donlles cna·aclcrisliques t'Cilclenl celies du h•ssin de 1• Seine 
jusqu' ~ 1' avul imm6diut do Purl~. 
/ 
Hotels located near UNESCO 
HOTEL RATES 
(as of September 1997) 
HOtel Saxe Residence*** Still has rooms available but does not 
9, villa de Saxe accept block bookings 
75007 Paris 590 FF I 650 FF 
Tel: 47 83 98 28 
Fax: 47 83 85 47 
Hotel du Bailli de Suffren *** Still has rooms available 
149, avenue de Suffren 
75015 Paris 670 FF 1765 FF 
Tel: 47 34 58 61 Fax: 45 67 75 82 
Hotel Ibis Cambronne Tour Eiffel *** No rooms available 
2, rue Cambronne 
75015 Paris 420 FF 1460 F 
Tel: 01-40-61 "-1 :1.1 
Fax: 01-40-61-22-99 
Hotel Aberotel Montpamasse *** Reservations will be accepted as from i 
24, rue Blomet 1 January 1998 when a small number 
75015 Paris of rooms will be available 410FFI510F; ' 
Tel: 40 6170 50 I Fax: 40 61 08 31 ' I
HOtel Segur*** Reservations accepted as from 1 
. 
34, boulevard de Garibaldi November 1997 - a small number of 410FF 1475 Fi i 
75015 Paris rooms still available : 
Tel: 43 06 01 85 I Fax: 47 34 30 82 
' Nouvel Hotel** 
5, rue des Volontaires 405 FF 
75015 Paris 
Tel: 47 34 77 89/Fax: 40 56 36 55 
Hotel Carladez Cambronne ** Rooms still available 
3, place du General Beuret 
75015 Paris 380 FF 1410 FF 
Tel: 47 34 07 121 40 65 95 68 
HOtel Tourisme ** Rooms still available 
66, avenue de Ia Motte Picquet 
75015 Paris 3/5 FF I 430 FF 
Tel: 47 34 28 011 Fax 47 83 66 54 
Hotel Baldi** Rooms still available 
42, boulevard de Garibaldi 
75015 Paris 340 FF I 420 FF 
Tel: 47 83 20 \0 I Fax: 44 49 08 72 
HOtel La Mascotte ** Rooms still available 
48, boulevard de Garibaldi 300 FF I 360 FF 
75015 Paris 
Tel:· 47 83 39 60 I Fax: 43 06 73 29 
Hotel de Ia Motte Picquet ** Rooms still available 
30, avenue de Ia Motte Picquet 
75007 Paris 390 FF 
Tel: 47 05 09 57 I Fax: 47 05 74 36 
28 May98 
TO: Dr. Hubert J. Morei-Seytoux (presenter) 
Mr. Zebidi (UNESCO conference organizer) 
_,tJBJ: Transparencies and Presentation scheduled for 4 June 1998 at UNESCO Conference 
'Optimizing Conjunctive Use for Sustainable Production: Tools for the Management Spectrum' 
Because of a daughter's wedding and two daughters' graduations from college, I cannot attend the 
conference. Mr. Zebidi says my paper is scheduled for Thursday morning. I had earlier told Dr. M-S that 
I would send the transparencies for the presentation to the hotel he will be staying at. This message is 
to notify both of you that instead, I will today send them by Federal Express to Mr. Zebidi. I still hope 
that Dr. M-S will give the presentation, but if for any reason he cannot do so (conflict with another 
presentation, transporation strike, etc.) I hope Mr. Zebidi will arrange for the presentation to be given. 
The paper, which includes Dr. M-S as a coauthor, is scheduled for Thursday morning. Because Mr. 
Zebidi is a conference organizer, he wanted me to mail the transparencies to him and he said he would 
get them to Dr. M-S. _ I o 1'1 FHl"''>l. 1+ W45 P'" ~ v-p VJ '"-' 
FEDEX said the shipment would arrive in Paris 2 days after siippin~l fe~:J\~ie~d the mailing to 
Mr. Zebidi at UNESCO instead of to Dr. M-S at his future hotel in order to avoid the possibliity that the 
hotel would not know what to do with the shipment (if it arrived before Dr. M-S), and also to avoid a 
problem in case Dr. M-S's main presentation is scheduled for the same time as this one. I hope Mr. 
Zebidi will get them to Dr. M-S quickly so Dr. M-S has time to prepare for the presentation. 
In the shipment are 31 transparencies, a paper copy of all of these, and typed text to accompany the 
transparencies. One could read the text (except where I write that you could delete a transparency in 
the interest of time). One practice run will tell you whether to delete the transparency or not. The text 
can be copied and distributed, if desired. 
I hope that you two will be able to contact each other so that Dr. M-S can obtain the transparencies as 
quickly as possible and prepare for the presentation. Your respective locations are: 
Abstract submitted for presentation at conference "Water: a looming crisis?", UNESCO, 
Paris, 3-6 Juin 1998. 
OPTIMIZING CONJUNCTIVE WATER USE FOR SUSTAINABLE PRODUCTION: TOOLS FOR 
THE MANAGEMENT SPECTRUM 
Richard C. Peralta, Professor, Dept. of Biological and Irrigation Eng., Utah State Univ., 
Bldg. EC-216, Logan Utah, 84322-4105, USA 
ph (801) 797-2786, FAX (801) 797-1248, E-mail peralta@cc.usu.edu 
Arumugam Kandiah, Senior Officer (Sustainable Water Development), 
Food and Agriculture Organization of the United Nations, Room B-727, 
Viale delle Terme di Caracalla- 00100 Rome, ITALY 
Making best use of water resources requires coordinating use of groundwater and 
surface waters--conjunctive use. Conjunctive water management is important on the regional 
(watershed or aquifer), water district and field scales. Goals might differ for the different 
administrative levels. A regionally optimal water management strategy is not necessarily optimal 
for water district managers and individual farmers. Interactions between levels are affected by 
laws, regulations, traditions and public pressure. 
To help each organizational level develop water management strategies that best achieve 
its goals, computer simulation/optimization (S/0) models are useful. Such S/0 models couple 
water flow and transport simulation techniques with formal mathematical optimization algorithms. 
When properly calibrated, S/0 models can be immensely valuable. 
S/0 models have long been used for managing reservoir releases and surface water 
resources. S/0 model use for large-scale groundwater management and contaminant plume 
management is becoming more common. Advances in computer power and mathematical 
optimization procedures make it possible to address large problems previously impractical. 
Likewise, increasing availability and power of PC computers and operating systems make 
it now practical for water district personnel and field engineers to develop optimal water 
management strategies. By exercising care appropriate for data and model accuracy, field-level 
S/0 model users can develop better solutions for their management problems. 
The use of S/0 models at all water management levels makes it easier to negotiate 
compromise solutions when goals differ. S/0 models are easily used to develop trade-off curves 
showing how much of one goal achievement must be forfeited to achieve more of another goal. 
Communication is enhanced when both negotiating parties have reliable trade-off information. 
Furthermore, S/0 model and trade-off curve use highlights differences in data or understanding 
of data available to the parties--making it easier to resolve those differences. 
This paper discusses robust S/0 software available and useful for the spectrum of 
groundwater and surface water managers. This software promotes improved water 
management and goal achievement. Case studies illustrate benefits of S/0 model use. 
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Making best use of water resources requires coordinating use of groundwater and 
surface waters--conjunctive use. Conjunctive water management is important on the regional 
(watershed or aquifer), water district and field scales. Goals might differ for the different 
administrative levels. A regionally optimal water management strategy is not necessarily optimal 
for water district managers and individual farmers. Interactions between levels are affected by 
laws, regulations, traditions and public pressure. 
To help each organizational level develop water management strategies that best achieve 
its goals, computer simulation/optimization (S/0) models are useful. Such S/0 models couple 
water flow and transport simulation techniques with formal mathematical optimization algorithms. 
When properly calibrated, S/0 models can be immensely valuable. 
S/0 models have long been used for managing reservoir releases and surface water 
resources. S/0 model use for large-scale groundwater management and contaminant plume 
management is becoming more common. Advances in computer power and mathematical 
optimization procedures make it possible to address large problems previously impractical. 
Likewise, increasing availability and power of PC computers and operating systems make 
it now practical for water district personnel and field engineers to develop optimal water 
management strategies. By exercising care appropriate for data and model accuracy, field-level 
S/0 model users can develop better solutions for their management problems. 
The use of S/0 models at all water management levels makes it easier to negotiate 
compromise solutions when goals differ. S/0 models are easily used to develop trade-off curves 
showing how much of one goal achievement must be forfeited to achieve more of another goal. 
Communication is enhanced when both negotiating parties have reliable trade-off information. 
Furthermore, S/0 model and trade-off curve use highlights differences in data or understanding 
of data available to the parties--making it easier to resolve those differences. 
This paper discusses robust S/0 software available and useful for the spectrum of 
groundwater and surface water managers. This software promotes improved water 
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l'lnn w ano;:nd the Conference 
l'i~h to pn.,.,.;:nt a pap~'r/post(.'r on the followir,g topic: 
Date: Signature: 
All those interested in taking part in the Conference and/or 
presenting papers or posters are invited to complete this form 
and to return it as soon as possible by post or by fax to : 
~ UNESCO 
Division of Water Sciences 
1 Rue Miollis 
75732 Paris Cedex 15- France 
Fax: 33 1 45 68 58 11 
Participants are invited to submit papers 
or posters on the themes of the Conference, for 
presentation both at the plenary sessions and 






















• The Worlr 
Council I 
. . 
At the end of the century, concern about the 
availability of water resources to meet the needs of future 
economic and social development is increasing. Awareness 
of the importance of this viral resource heightens daily. 
Countries simated in the arid and semi-arid regions will 
face a water crisis in the years to come; sharing of 
uansboundary rivers or groundwater systems may bring 
about conflict in others. wrhat is the present situation 
with regard to the availability of water resources in the 
world and what are the problems to be encountered in the 
future? 
The publication by UNESCO, in the framework 
of the International .Hydrological Programme, of the 
monograph World 'U7czter Resources at the beginning of the 
21st Century gives an opportunity to the international 
scientific community tO review and discuss the knowledge 
gathered to dare on the water resources of the world and 
to identify the problems to be faced in the next century. 
Objectives 
• To take stock of the present knowledge of 
water resources of the world considering both the quanti-
tative and qualitative aspects; 
• To identifY water problems to be faced in 
the next century due to the increased demand for water 
for human water supply, irrigation and industry; 
• To make recommendations to the inter-
national scientific community for dealing with future 
challenges. 
The Conference takes the place 
4th IAHS/IHP Kovacs Colloquium. The progn 
as follows: 
Day 1: Plenary session 
Presentation and discussion of: 
• the IHP monograph on World "W'tzter Resourc 
beginning of the 21st Century; 
• other monographs and synthesis of the regiona 
global assessment of water resources. 
Day 2 and 3: Working group ac 
Five working groups will be established to com 
main themes of the conference and to work in 
Day 4: Plenary session 
Presentation, discussion and adoption of d· 
conclusions and recommendations submitted 
working groups. 
Languages 
Plenary sessions: English, French, Spanish and 
with interpretation. 
Working groups: English and French without 
ration. 
